Children 5, 9, and 11 years of age and young adults attempted to identify the final word of sentences recorded by a female speaker. The sentences were presented in two levels of multitalker babble, and participants responded by selecting one of four pictures. In a low-noise condition, the signal-to-noise ratio ͑SNR͒ was adjusted for each age group to yield 85% correct performance. In a high-noise condition, the SNR was set 7 dB lower than the low-noise condition. Although children required more favorable SNRs than adults to achieve comparable performance in low noise, an equivalent decrease in SNR had comparable consequences for all age groups. Thus age-related differences on this task can be attributed primarily to sensory factors.
I. INTRODUCTION
Children are believed to have considerable difficulty perceiving speech in noise ͑e.g., Mills, 1975; Elliott, 1995͒. For example, normative estimates ͓e.g., The GoldmanFristoe-Woodcock Test of Auditory Discrimination ͑Gold-man et al. 1976͔͒ reflect young children's poor speech identification in ''cafeteria noise'' relative to that of older children and adults. In classroom settings, younger children are more ''distracted'' by noise than are older children ͑Hétu et al., 1990͒. Moreover, young children are significantly less accurate at identifying the last word of a sentence presented in multitalker babble than are older children and adults ͑El-liott, 1979; . Similarly, children 4 to 6 years of age are significantly poorer than adults at identifying words and sentences in spectrally matched noise ͑Nittrouer and Boothroyd, 1990͒. A number of factors may contribute to children's apparent difficulty with speech in noise. First, young children have higher auditory thresholds than do older children and adults ͑Roche et al., 1978; Elliott and Katz, 1980; Yoneshige and Elliott, 1981; Berg and Smith, 1983; Sinnott et al., 1983; Schneider et al., 1986; Trehub et al., 1988͒ . Although the relation between auditory sensitivity and speech identification thresholds in quiet and in noise is unclear ͑Elliott et al Summerfield et al., 1994͒ , age-related differences in sensitivity could underlie children's difficulty identifying speech in noise. From 5 years of age, developmental changes in absolute thresholds for octave-band noise mirror the changes in masked thresholds for octave-band noise presented in broadband noise ͑Schneider et al., 1989͒. Moreover, thresholds for the identification of words presented in quiet are higher for younger children than for older children and adults ͑Elliott et al., 1979͒. Nevertheless, most developmental investigations of speech identification in noise have used identical signal-to-noise ratios ͑SNRs͒ across age without adjusting for age-related differences in detection or identification thresholds ͑e.g., Nittrouer and Boothroyd, 1990͒ . Chermak and Dengerink ͑1981͒ found, however, that when age-related differences in word identification thresholds were taken into account, adult-child performance differences in noise were minimal.
Second, young children's limited language experience may have adverse effects on their performance. For example, native speakers of English are more proficient at identifying speech in noise than are non-native speakers with several years of exposure to English ͑Gat and Keith, 1978; Mayo et al., 1997͒ . As words become increasingly familiar, less acoustic information is required for their identification ͑Rosenwieg and Postman, 1957; Elliott et al., 1983͒ . In some cases, however, words ͑e.g., ''oath''͒ and sentences ͑e.g., ''Tough guys sound mean''͒ that are unfamiliar to many children have been used as test stimuli ͑e.g., Nittrouer and Boothroyd, 1990͒ . Moreover, limited phonological awareness on the part of young children ͑Treiman, 1985; Hnath-Chisholm et al., 1998͒, especially pre-readers ͑Wimmer et al., 1991͒ , may also impair performance on speech-identification tasks. For example, a young child hearing '' -ike'' might not generate ''bike'' as a candidate word. Even if a child can use phonological strategies to aid identification, noise may disrupt this process.
Third, the typical tasks used in speech-identification studies may pose disproportionate difficulty for young children. As Wightman and Allen ͑1992͒ note, some performance differences between children and adults ''may reflect nothing more than the influence of nonsensory factors such as memory and attention'' ͑p. 133͒. These nonsensory factors could contribute to young children's difficulty with verbal material designed for use with adults. For example, some investigators adapted the well-known SPIN ͑speech perception in noise͒ test for children ͑e.g., Elliott, , 1995 Elliott and Katz, 1983 , in Elliott, 1995 of the SPIN test, which were normed for native English-speaking adults, require listeners to repeat the last word of low-predictability ͑''The old man discussed the dive.''͒ and high-predictability ͑''The watcha͒ Electronic mail: sandra.trehub@utoronto.ca dog gave a warning growl.''͒ sentences presented in multitalker babble. The presumption is that low-predictability sentences depend primarily on sensory function, and that highpredictability sentences engage cognitive as well as sensory functions ͑Kalikow et al., 1977͒. Children's ͑9-and 11-yearolds'͒ poor performance on both types of sentences led Elliott ͑1979͒ to conclude that the SPIN task was inappropriate for use with children under the age of 15. The required verbal responses are potentially problematic for listeners with limitations in articulation and memory. Indeed, picturepointing responses yield substantially higher performance levels for young children than do verbal responses ͑Elliott et al., 1979͒. Although feedback about performance is also known to enhance accuracy ͑Green and Swets, 1966; Smith and Hodgson, 1970͒ , such feedback is often excluded from developmental investigations ͑e.g., Nittrouer and Boothroyd, 1990͒ . Its absence may have detrimental consequences on children's motivation.
Nittrouer and Boothroyd ͑1990͒ tested 4-to 6-year-old children on a task that may be even more demanding than the SPIN task. Children were required to repeat various types of verbal material presented in noise, including nonsense syllables, monosyllabic words, and four-word sentences, some of which were semantically and/or syntactically anomalous ͑e.g., ''Sing his get throw,'' ''Lend them less joy''͒. Semantic and syntactic anomalies are likely to be especially confusing for young children. Unfortunately, Nittrouer and Boothroyd ͑1990͒ did not confirm that young children were capable of repeating such anomalous sentences under optimal listening conditions.
The primary goal of the present investigation was to determine whether noise impairs children's identification of speech to a greater extent than it does for adults. In other words, does noise affect children's perception of speech beyond what would be expected from adult-child differences in auditory sensitivity? Unlike previous adult-child comparisons that evaluated all listeners at identical SNRs ͑e.g., Nittrouer and Boothroyd, 1990͒ , the present study identified SNRs that yielded 85% correct performance ͑i.e., a low-noise condition͒ for 5-year-olds, 9-year-olds, 11-year-olds, and adults. A high-noise condition was created by adding 7 dB of noise. Based on adult-child differences in the detection of auditory signals in quiet ͑e.g., Schneider et al., 1986; Trehub et al., 1988͒ and in noise ͑Schneider et al., 1989͒ , 5-year-olds were expected to require at least 5-dB less background noise than adults to achieve comparable ͑85% correct͒ performance in low noise. Additional noise may differentially affect lexical access, leading to more adverse consequences for young children than for older children and adults. In such circumstances, performance differences between low-and high-noise contexts should be greater for children than for adults. Alternatively, adult-child differences could arise from poor allocation of attention on the part of children. Were this the case, children would have to guess more often than adults. Thus they would require more favorable SNRs to reach 85% correct performance than would be expected from differences in sensory functioning alone ͑5 dB͒. Simple models of inattention ͑e.g., Wightman and Allen, 1992͒ would predict that performance differences between low-and high-noise conditions would be less pronounced for children than for adults. If, however, the effects of noise were attributable primarily to sensory factors ͑i.e., processes involved in converting acoustic-phonetic information into electrical impulses in the brain͒ rather than some combination of sensory and nonsensory factors ͑e.g., inattention and/or interference with lexical access͒, then high noise should produce comparable decrements in performance across age.
The available evidence does not favor a single hypothesis. According to Elliott ͑1979͒, perceptual and cognitive factors contribute jointly to children's poor performance on the SPIN task. Nittrouer and Boothroyd ͑1990͒ argue, however, that children's poor performance on their task resulted from perceptual factors. Although some researchers claim that inattention cannot account for adult-child differences in auditory detection or discrimination tasks ͑e.g., Schneider and Trehub, 1992͒, others suggest that inattention is largely responsible for age-related differences, especially when adaptive procedures are used ͑e.g., Wightman and Allen, 1992͒. Finally, Hnath-Chisholm et al. ͑1998͒ attribute young children's poor speech discrimination to cognitive factors coupled with immature phonological development.
A second goal of the present investigation was to develop a procedure that would minimize cognitive demands and maximize comparability across a broad age range. A four-alternative, picture-pointing task was used because of its documented success with young children ͑Goldman et al., 1976; Geffner et al., 1996͒ and its obvious advantages over word-generation tasks ͑Elliott et al., 1979͒. Target words were presented in a low-context carrier phrase ͑''Touch the X''͒ because of the present focus on perceptual, or bottomup, factors and the reported advantage of sentential contexts over words presented in isolation ͑Craig, 1988͒. Target words were restricted to those that were familiar to 5-yearolds, the youngest age group in the present study. Moreover, target words and foils were highly contrastive phonologically so that children would not be penalized for their lesser phonological awareness ͑Treiman, 1985͒. Sentences were presented in multitalker babble ͑Bilger et al., 1984͒ rather than spectrally matched noise ͑Boothroyd and Nittrouer, 1988; Nittrouer and Boothroyd, 1990͒ because babble is a more effective masker of speech ͑Carhart et al., 1969; Lewis et al., 1988͒ . A female speaker was used because of the predominance of female caregivers and educators in the lives of young children. Finally, a motivating, gamelike atmosphere was created by presenting the pictorial response options on a touch-sensitive screen and providing automated visual feedback for correct and incorrect responses.
II. METHOD

A. Participants
The participants were 24 children 5.0-5.5 years of age (M ϭ5.25 years), 24 children 9.0-9.5 years of age (M ϭ9.25 years), 24 children 11.0-11.5 years of age (M ϭ11.25 years), and 24 adults 19-28 years of age (M ϭ22.7 years), none of whom had health problems or a his-tory of hearing loss. Equal numbers of males and females were included in each age group. No participant had experienced frequent ear infections or pressure-equalizing tubes in the past; none had a cold on the day of testing. Children's age and their family's middle-to upper-middle-class status made it unlikely that serious middle-ear problems had gone undetected; thus no tympanometric screening was undertaken. The children were all native English speakers and the adults were either native speakers or had learned English by 6 years of age (Nϭ3). Additional children were excluded because of experimenter error ͑one 9-year-old͒ or inattentiveness ͑four 5-year-olds and one 9-year-old͒, which included the following behaviors: responding before hearing the entire sentence on more than two trials, excessive fidgeting, talking during sentence presentation, talking excessively between test trials, or not completing one or both experimental conditions.
B. Apparatus and stimuli
Testing occurred in a double-wall sound-attenuating booth, 3ϫ2.8ϫ2 m in size. Participants were seated facing a nonglare touch screen monitor ͑Goldstar 1465DLs͒ 33 ϫ33 cm. Loudspeakers ͑KEF Model 101͒ were 45°to the left and right of the participant ͑distance of 70 cm͒ at approximate ear level. All sentences, which were spoken by the same young woman, were digitized at a rate of 20 kHz by means of a 16-bit Tucker Davis ͑DD1͒ analog-to-digital converter. The babble portion of SPIN forms used by PichoraFuller et al. ͑1995͒ was similarly digitized and stored. Sentence files and babble files were converted to analog form using Tucker Davis digital-to-analog converters under the control of a computer with a Pentium processor. Sentence and babble amplitudes were controlled separately using programmable attenuators. After mixing, the combined signals were amplified ͑SAE 2600͒ and presented over loudspeakers located inside the testing booth. Sound-field levels were determined in the absence of the listener with a Bruel and Kjaer 1/2-in microphone.
The multitalker babble, which did not contain energy above 8 kHz, consisted of eight voices, both male and female, reading from newspapers ͑see Bilger et al., 1984͒ . The degree to which a speech signal is masked by babble will depend on the spectral characteristics of the speech relative to that of the background babble. Figure 1 ͑dashed line͒ shows the distribution of average spectral power in the background babble. This distribution was obtained by averaging the power spectra of 40 independent 1-s samples of the babble background. The average power spectrum was then normalized by dividing it by the total power in the average spectrum. This normalized average power spectrum was converted to decibels and plotted in Fig. 1 . The average power in the babble background declines with increasing frequency at a rate of approximately 3-dB/octave for frequencies up to approximately 700 Hz, and 12-dB/octave for frequencies higher than 700 Hz. Also shown in Fig. 1 is the average power spectrum for the male voice used in the modified SPIN test ͑Bilger et al., 1984͒. This spectrum was obtained by averaging the power spectra ͑1-s samples taken from the beginning of each sentence͒ of the first 40 SPIN sentences from Form 1. The average power spectrum was then normalized by dividing it by the total power in the average spectrum. Clearly, the relative power spectrum of the male voice from the SPIN test closely matches that of the babble background. By contrast, Fig. 2 plots the relative power spectrum of the female voice used in the present experiment. This spectrum was obtained by averaging the power spectra of the 40 test sentences ͑1-s samples taken from the beginning of each sentence͒. Not only was the fundamental frequency of the female speaker ͑255 Hz͒ much higher than that of the male speaker, but the distribution of power in the female voice was heavily weighted toward the higher frequencies.
The female speaker's high degree of power at the high frequencies vastly improves the SNR at these frequencies. If we adjust the total power in the babble to equal the total power in each of the speech signals ͑an overall SNR of 0 dB͒, the average SNR for the male speaker is Ϫ0.06 dB in the 0-1.5-kHz region and ϩ4.49 dB in the 1.5-5-kHz region. By contrast, the average SNR for the female speaker is Ϫ2.40 dB in the 0-1.5-kHz region and ϩ16.92 dB in the 1.5-5-kHz region. Thus the male speaker enjoys a 2.34-dB advantage at the low frequencies whereas the female speaker enjoys a 12.4-dB advantage at the high frequencies. Because it is usually assumed that the low-and high-frequency por- tions of the spectrum contribute equally to speech recognition, we might expect the female speaker to enjoy a 12-dB advantage relative to the male speaker in the babble background.
Speech stimuli consisted of the prompt, ''Touch the ,'' and a target word ͑e.g., ''ball''͒. Target words consisted of 40 monosyllabic nouns for the test phase and an additional 20 words ͑monosyllabic and polysyllabic͒ for the training phase. The sentences were presented at approximately 44 dB ͑A scale͒. This level was chosen to ensure that young children would not be exposed to sound levels exceeding 80 dB ͑A͒. Root-mean-square ͑rms͒ values were calculated and adjusted such that each sentence was presented at an equal rms value following the procedure described in Schneider et al. ͑2000͒. SNR was varied by adjusting the level of babble ͑F 0 : 185 Hz͒. Pilot-testing established the SNR at which each age group achieved approximately 85% correct performance: Ϫ28 dB for 5-year-olds, Ϫ30 dB for 9-year-olds, Ϫ31 dB for 11-year-olds, and Ϫ33 dB for adults. These levels were designated low-noise conditions. High-noise conditions were created for each age group by decreasing the SNR in the low-noise condition ͑i.e., the level yielding 85% correct performance͒ by 7 dB, resulting in SNRs of Ϫ35 dB for 5-year-olds, Ϫ37 dB for 9-year-olds, Ϫ38 dB for 11-year-olds, and Ϫ40 dB for adults. SNRs for the training phase were set lower than those in the low-noise conditions: 0, Ϫ5, Ϫ6, and Ϫ8 dB for 5-year-olds, 9-yearolds, 11-year-olds, and adults, respectively.
Visual stimuli consisted of 60 black-and-white Snodgrass line drawings of familiar, concrete objects ͑Snodgrass and Vanderwart, 1980͒. All pictures were chosen on the basis of 4-and 5-year-olds' ability to correctly name the image. An independent sample of 32 children 4.0 to 5.5 years of age was asked to verbally identify each of the 60 pictures. Inclusion of a picture in the stimulus set required at least 88% of children correctly identifying it. The average correct identification of pictures was 96.8%.
C. Procedure
All participants were tested individually. A trial, which was initiated by means of a button box located inside the testing booth, consisted of the simultaneous presentation of vocal stimuli ͑sentence and noise͒ and visual stimuli ͑pic-tures͒. A sentence in low or high noise was accompanied by an array of four different images, one appearing in each corner of the touch screen. Sentences were selected randomly without replacement. The multitalker babble began with the onset of the sentence and terminated when the sentence ended. The visual array included the target image and three foils selected randomly from the remaining images. A picture could appear as a target only once and as a foil three times during the test phase. The only other restriction on foils was that an item could not serve as a foil immediately after it was presented as a target. The locations of targets and foils were selected randomly on each trial. Feedback for correct performance consisted of the target picture flashing in the middle of the screen. Incorrect selections resulted in the screen going blank.
The instructions were tailored to the age of participants. The experimenter explained to 5-year-old children that if they only hear part of a word, they should choose the picture that sounds similar to what they hear ͑e.g., ''If you hear 'irt' and there are pictures of a can, plate, shirt, and boat on the screen, you should pick the shirt since 'shirt' sounds the most like 'irt'.''͒. Older children and adults were told that the pictures were identifiable by basic-level terms. For example, a picture of a shirt would be identified by the word ''shirt,'' not ''button-down'' or ''clothing.'' No other explicit strategies were provided.
The test session consisted of a training phase and a test phase. All participants had to meet a training criterion of correctly identifying 4 targets in a row within 16 trials; on average, listeners achieved the training criterion in 6.04 trials. After reaching the criterion, participants advanced to the test phase, consisting of 40 trials in the low-noise condition and another 40 trials in the high-noise condition. The two conditions, which were separated by a short break, were counterbalanced such that half of the participants received the low-noise condition first and the other half received the high-noise condition first. Adults and older children initiated trials at their preferred pace. The experimenter initiated trials for 5-year-olds when she judged them to be ready and attentive. The experimenter remained in the testing booth during the entire session for children, offering verbal reinforcement and encouragement when appropriate. An additional motivational technique was used with the 5-year-olds. After every four trials, children received a colored sticker to place in an ''incomplete'' black-and-white picture. At the end of the 40 trials, the child had completed the picture. A new picture was made in the second condition. Figure 3 plots correct performance at each noise level for each age group. Performance ͑percent correct͒ in the lownoise condition did not differ significantly across age groups, as confirmed by a one-way ANOVA, F(3, 92) ϭ.491, p ϭ.689. Recall, however, that SNRs were selected to equalize performance in low noise across age levels. To examine whether the high-noise condition differentially affected younger children, a 2ϫ4ϫ2ϫ2 repeated-measures ANOVA was calculated with noise level as the withinsubject factor and age, sex, and presentation order ͑low or high noise first͒ as between-subject factors. As expected, listeners performed significantly better in low noise than in high noise, F(1,80)ϭ677.996, pϽ.00001 ͑see Table I͒ . There was no effect of age and no effect of gender, but there was a significant effect of presentation order, F(1,80) ϭ11.418, pϭ.001. Participants made more correct selections when the low-noise condition was presented before the highnoise condition than the reverse order ͑M low→high ϭ74.79%, M high→low ϭ70.96%͒. The only two-way interaction that achieved statistical significance was a noise x order interaction, F(1,80)ϭ24.899, pϽ.001, reflecting listeners' improved performance in the high-noise condition when it was preceded by the low-noise condition. No higher-order interactions were significant.
III. RESULTS
To examine potential age-related differences with regard to the noise x order interaction, a 2ϫ4 ANOVA was calculated using performance in high noise as the dependent variable, with order and age as independent variables. Not surprisingly, there was a significant effect of order, F(1,88) ϭ27.15, pϽ.001, but no effect of age or age x order interaction ͑see Fig. 4͒ . However, one-way ANOVAs conducted on each age group separately revealed that the order effect in high noise was somewhat more pronounced for 9-year-olds, 11-year-olds, and adults ͓F (1,22)ϭ5.62, pϽ.03, F(1,22) ϭ7.16, pϽ.02, and F(1,22)ϭ11.48, pϽ.005 , respectively͔ than for 5-year-olds ͓F(1,22)ϭ3.47, pϭ.076͔.
Patterns of performance were also examined for potential age-related improvement within the test sessions. Gender was excluded from this analysis because it had no effect in the main analysis. Given that the order effect was noise-level specific, analyses were conducted separately for each noise condition. A 2ϫ4 repeated measures ANOVA was performed using percent correct per half in low noise ͑i.e., first 20 trials vs final 20 trials͒ as the within-subject factor and age as the between-subject factor. Order was excluded from this analysis because it had no effect in low noise. Listeners performed more accurately in the second half of the test session than in the first half, F(1,92) ϭ12.405, pϭ.001, ͑M ϭ86.09%, M ϭ81.98%, respectively͒. No age effect or age x half interaction was observed ͑see Table II͒. In the highnoise condition, a 2ϫ2ϫ4 repeated measures ANOVA, with half as the within-subject variable and order and age as between-subject variables, revealed an order effect, F(1,88) ϭ27.591, pϽ.001, reflecting the effect found in the main analysis. No additional main effects or higher-order interactions were observed. Table III indicates the relative difficulty of identifying particular target words, in descending rank order. Note, for example, that MOON ͑rankϭ40͒ was the most difficult target to identify out of this sample of items, with TREE ͑rankϭ2.13͒ being the easiest. To determine whether listeners found the same targets difficult, the average rank across age groups was correlated with the rankings by individual age groups. As shown in Table IV , these strong positive correlations reflect the fact that all listeners, irrespective of age, experienced comparable difficulty with the same target words.
IV. DISCUSSION
When the accuracy of speech identification by 5-yearolds, 9-year-olds, 11-year-olds, and adults was equated in low noise, the addition of further noise ͑7 dB͒ had comparable consequences for all age groups. Note, however, that 5-year-olds still required SNRs ͑Ϫ28 and Ϫ35 dB at lowand high-noise levels, respectively͒ that were 5 dB more favorable than those of adults ͑Ϫ33 and Ϫ40 dB͒ to obtain comparable performance. These results are consistent with evidence that 5-year-olds' and adults' absolute and masked thresholds for narrow-band noise differ by approximately 5 dB ͑Trehub et Schneider et al., 1989͒. Moreover, Elliott et al. ͑1979͒ , using a four-alternative picture-pointing response, found that 5-year-olds' and adults' identification thresholds for monosyllables presented in babble differed by approximately 5 dB. Comparable performance decrements from high noise, regardless of age, imply that children's performance on the present task reflects their perceptual limitations rather than cognitive or attentional limitations. In fact, the minimal impact of nonsensory factors attests to the utility of the present task, which featured low-context sentences, words familiar to the youngest participants, a four-alternative picture-pointing response, and visual reinforcement. Moreover, comparable difficulty with the same target words at all age levels attests further to the role of sensory factors and to the limited contribution of linguistic experience to the present findings. Thus the findings support Nittrouer and Boothroyd's ͑1990͒ contention that age-related differences in word identification in noisy backgrounds are largely due to perceptual factors, provided the task is equally suitable for all age levels. Children and adults performed better in high noise when it followed the low-noise condition rather than preceding it. In other words, participants showed evidence of learning in the initial low-noise condition that generalized to the subsequent high-noise condition. It is interesting to note that the nonsignificant age trend in high-noise performance as a function of order parallels the nonsignificant age-related improvement in performance over the course of the low-noise condition. Experience in a relatively undemanding situation ͑low noise͒ may have allowed listeners to gain information, perhaps about the speaker's voice or other aspects of the task, that facilitated subsequent performance under more difficult circumstances ͑high noise͒. By contrast, experience in high noise showed no such transfer effects.
Although the SNR required for word recognition is affected by characteristics of the speaker's voice, the nature of the speech materials, and whether or not the materials are from an open or closed set ͑Miller et al., 1951; Sumby and Pollack, 1954͒ , it was still surprising to find young adults recognizing 85% of the words at SNRs as low as Ϫ33 dB. The unusually low SNRs result, in part, from the spectral characteristics of the female voice in relation to the background babble. Recall that the speaker's power at the higher frequencies translated to a 12-dB advantage in SNR relative to the male speaker used in the SPIN task ͑Bilger et al.,  1984͒ . Moreover, the closed-set response ͑i.e., selecting from four alternatives͒ undoubtedly contributed to the high levels of performance at such low SNRs. To ascertain the consequences of open-set responding, an independent sample of 20 adults ͑6 males, 14 females; ages 19-25͒ was tested on the same target words without the pictorial alternatives. After listening to each of the same sentences in the same babble background at Ϫ22 dB SNR or Ϫ18 dB SNR, adults identified the last word of the sentence by means of written responses. Listeners achieved 81.125% and 89.17% correct performance at Ϫ22 and Ϫ18 dB SNR, respectively. Thus the SNR that would yield 85% correct performance with open-set responding is approximately Ϫ20 dB. In other words, the change from a closed set of four alternatives to an open set resulted in a 13-dB shift in SNR. Miller et al. ͑1951͒ found a comparable shift between a 256-word response set and a 4-word response set. The 13-dB advantage attributable to the four-alternative response set coupled with the 12-dB high-frequency advantage for the female voice can account for the performance levels obtained with the unusually low SNRs in the present experiment.
Although equivalent additions of noise had comparable effects on children and adults in the present task, such noise increments could have differential consequences in situations that accord a greater role to cognitive, or top-down, factors. For example, the use of high-predictability as well as lowpredictability sentences would reveal whether noise interferes with children's ability to profit from contextual information. The present procedure could be used to investigate this question and others involving the identification of speech in quiet and in noise.
V. CONCLUSIONS
Children 5, 9, and 11 years of age required more favorable SNRs than young adults to achieve comparable accuracy on low-context sentences presented in background babble. Nevertheless, equivalent increases in noise level led to similar performance decrements for all age groups. The findings are consistent with the view that bottom-up ͑sen-sory͒ processing plays the primary role in children's and adults' perception of simple, low-context sentences in noisy backgrounds. The availability of a sensitive means for evaluating children's perception of speech in noise will make it possible to document the impact of noise in situations with varying cognitive demands. In particular, it will allow us to delineate the relative contribution of perceptual and cognitive factors to the identification of spoken messages varying in complexity and listening conditions. 
